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We conducted a large population-based survey among adults measuring weight, height, and blood
pressure nested within an HIV survey in rural KwaZulu-Natal, South Africa, to identify and characterize
clusters of overweight and hypertension in a typical rural African population and to explore whether
geographic clusters can be accounted for by established individual-level risk factors. 58.4% of the
participants were overweight and 22.6% were hypertensive. One cluster of high prevalence of
overweight (RR¼1.50, po0.001) was identiﬁed using Kulldorff spatial scan statistic as the most likely
cluster, whereas a low-risk cluster was identiﬁed in the nearby high-density settlement area (RR¼0.62,
po0.05). No geographic clusters of hypertension were identiﬁed. After controlling for age, sex,
educational attainment, household wealth, marital status, place of residence, and HIV status, no spatial
clustering of overweight remained. The results provided clear evidence for the localized clustering of
overweight. Identiﬁcation of clustering of chronic disease could provide additional insights into the
prevention and control for the rural South African population.
& 2012 Elsevier Ltd. Open access under CC BY license.1. Introduction
Once considered a health burden conﬁned to high income
countries, the prevalence of overweight and obesity is now
increasing in low- and middle-income countries (WHO, 2000).
In South Africa, overweight and obesity are prevalent among
almost all population and age groups, especially in the rural areas
(Bourne et al., 2002; Mayosi et al., 2009; Mollentze et al., 1995;
Vorster, 2002). Already, non-communicable diseases related to
overweight and obesity, such as heart disease, diabetes, and
stroke, together constitute the second most common cause of
death among adult South Africans (Bradshaw et al., 2003). The
prevalence of obesity (body mass index (BMI)Z30) in adult men
and adult women (over the age of 15 years), respectively, is 9%
and 27%, according to the South African Demographic and Health
Survey conducted in 2003 (Department of Health, 2007).
Most studies and interventions of obesity have focused on
determinants at the individual level (Black and Macinko, 2008;
Suastika, 2006). These approaches targeting individuals may not
be sufﬁcient to prevent or curb the increasing trends of obesity: þ27 35 5507565.
erf@mrc.ac.za (F. Tanser).
Y license.(Yancey et al., 2004). Lately, some researchers, mostly from devel-
oped countries, have started studying the wider neighborhood-
level characteristics of body weight, hoping to discover new
approaches to better understand and curb the continuing obesity
epidemic (Black and Macinko, 2008; Yancey et al., 2004). Studies
from developed countries have suggested that low community-
level socioeconomic resources are related to high prevalence of
obesity (Black and Macinko, 2008). However, whether ﬁndings
from studies conducted in highly industrialized regions can be
applied to low/middle income countries remains uncertain. For
example, although the availability of green space had been linked
to decreased adult BMI, a recent study conducted in Cairo, Egypt,
did not ﬁnd the same signiﬁcant association (Mowaﬁ et al., 2012).
Hypertension has also been found to be associated with some
modiﬁable socioeconomic determinants, such as education and
occupation (Grotto et al., 2008), although it is less studied at the
population level.
In the South African context, increases in total fat and animal
protein intake of afﬂuent black South Africans were associated
with increases in BMI and in total serum cholesterol (Vorster,
2002). Ambulation was found to reduce the risk of obesity, while
access to a motor vehicle was associated with increased adiposity
levels among rural black South African women (Cook et al., 2008).
Besides, hypertension has been reported to be an important
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1985; Maepe and Outhoff, 2012).
To our knowledge, no studies have documented community-
level socioeconomic determinants of obesity or hypertension in a
rural South African community. To inform the design of disease
prevention and intervention programs, it is helpful to understand
factors that could contribute to geographic variations in their
respective prevalence. Geographic analysis has been used to
identify and characterize clustering of non-communicable dis-
eases, including overweight and obesity, mostly in developed
countries (Edwards and Clarke, 2009; Ford et al., 2005; Pouliou
and Elliott, 2009). In South Africa, geographic analysis has been
used to detect and analyze the patterns of HIV/AIDS cases (Tanser
et al., 2009), tuberculosis cases (Beyers et al., 1996; van Rie et al.,
1999), and the distribution of healthcare points and the effect of
community-based tuberculosis treatment on increased access to
nearest treatment supervision point (Tanser and Wilkinson, 1999;
Wilkinson and Tanser, 1999).
In this study, we use population-based data to identify and
characterize spatial clusters of overweight (BMIZ25) and hyper-
tension in a typical rural South African population with high HIV
prevalence, and to explore whether these clusters, of high or low
prevalence, could be accounted for by established individual-level
risk factors.2. Materials and methods
2.1. Study area
The study area is located in Hlabisa sub-district, one of the ﬁve
sub-districts in rural Umkhanyakude in northern KwaZulu-Natal,
South Africa. The area is 438 km2 in size and has a total popula-
tion of approximately 90,000 people from approximately 11,000
households, of whom at any point of time about 65,000 are
resident in the area. The area is predominantly rural but contains
an urban township (where the socio-economic status is higher)
and high-density settlements located along the national road
running along its eastern boundary. The majority of its population
lives in scattered homesteads not concentrated into any formal
villages or compounds. The study area is typical of many rural
South African settings (Tanser et al., 2008).
2.2. Study population
A large population-based survey measuring BMI and blood
pressure was conducted in rural Umkhanyakude in KwaZulu-
Natal, South Africa, a community with very high HIV prevalence,
in 2003–2004 (Welz et al., 2007). Demographic and socioeco-
nomic data were available from the Demographic Information
System at the Africa Centre for Health and Population Studies, a
Wellcome Trust-funded research centre at the University of
KwaZulu-Natal. We got the information on HIV status from the
annual HIV surveillance, which started in 2003. In the ﬁrst round
of the HIV surveillance, additional information was collected on
weight, height, and blood pressure (Barnighausen et al., 2008).
The eligible population for this study consisted of all female
residents aged 15–49 years and all male residents aged 15–54
years living in the surveillance area on June 18th, 2003. Residents
are those reported living within the household. About 30% of all
household members were not residents, i.e., they mainly lived
elsewhere but still maintained connections with their households
through periodic visits. As a pilot study to explore the effect of
HIV infection on body mass and blood pressure, we were not able
to measure body mass and blood pressure of the entire popula-
tion because of limited resources at the time of data collection.As a result, one-third of sub-areas taken from all of the social,
cultural and physical landscapes in the study area were reached
for measurement of body mass and blood pressure.
All measurements followed the WHO STEPS protocol (WHO,
2003). BMI was calculated as an individual’s body weight
(in kilograms) divided by the square of his or her height (in meters).
Those who have a BMIZ25 are categorized into the group of
overweight. Three measurements of blood pressure were taken on
the right arm at time intervals of at least 5 min. The average of the
second and the third readings was used to estimate systolic and
diastolic blood pressure (SBP, DBP). We used recent deﬁnitions of
hypertension (stage-I, SBPZ140 mmHg or DBPZ90 mmHg).
Seventy-three per cent of the 4896 eligible residents were
successfully contacted. Valid measurements of height, weight,
and SBP and DBP were obtained from 2311, 2350, 2307 and 2316
eligible residents, respectively.
This surveillance had ethical approval from the University of
KwaZulu-Natal, Durban, South Africa. All participants gave their
informed consent and no incentives were provided to participants.
2.3. Statistical analysis
To describe the distribution of basic demographic variables, t-
tests were used for the continuous variables and X2 tests were
used for categorical variables. Two groups of unconditional
logistic regression models both for overweight and hypertension
(SBPZ140 mmHg or DBPZ90 mmHg) were constructed adjust-
ing for well-known determinants. These covariates included sex,
5-year age groups, educational attainment, household wealth
quintile, marital status (currently married/coupled vs. single),
place of residence (rural vs. urban/peri-urban residence), and
HIV status. Previous research showed that age, sex, family wealth,
marital status, place of residence, HIV status were signiﬁcantly
associated with BMI, and with either SBP or DBP in this study
population (Barnighausen et al., 2008). Education attainment was
also adjusted in the regression models as a covariate because it
was known to be an important determinant of obesity, hyperten-
sion, and other cardiovascular diseases in the South African
population (Kimani-Murage et al., 2011; Seedat et al., 1982). As
a measure of household wealth, an assets index was developed
using principal component factor analysis on living conditions
(household ownership, access to piped water, access to electricity,
main energy source for cooking, toilet type) and 27 household
assets. Households were then categorized into quintiles on the
assets index scale. Educational attainment was divided according
to the main categories of the South African education system,
which are no schooling, primary school (school years 1–7) and
secondary school or higher (above school year 7). HIV status as
assessed in HIV surveillance (positive, negative, not measured)
was also added. To examine the effect of overweight on hyperten-
sion, an additional model was constructed for hypertension with
overweight (BMIZ25 vs. BMIo25) included as an adjusted
covariate.
2.4. Spatial analysis
All participants were geo-located to their homestead of resi-
dence by ﬁeld workers using differential global positioning
systems to an accuracy of o2 m (Tanser et al., 2001) (Fig. 1). A
small random error was incorporated into the geographical
position of each participant’s home address before the spatial
analysis. Because a single homestead with one geographical
position often accommodated multiple adults, a small random
error moved them slightly out of one household into different
points per individual, which created a clear visual representation
of the distribution of all participants. In addition, the small
Fig. 1. Maps of the study area showing the approximate location of participants. Participants were coded according to overweight status (left) and hypertension
status (right).
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participants.
Spatial Scan Statistic (SaTScan) version 8.1.1 (National Cancer
Insitute, Bethesda, MD, USA, www.satscan.org) was used in this
study to detect cluster of high or low prevalence of overweight or
hypertension. SaTScan uses the Kulldorff scan statistic to analyze
spatial, temporal, and space-time point data (Kulldorff, 1997,
2006; Kulldorff et al., 2005). A spatial scan statistic is a cluster
detection test able to detect the location of clusters, if any, and
then evaluate their statistical signiﬁcance, which is done by
gradually scanning a window across space. The scan statistic
can adjust for the uneven geographical density of a background
population and the analysis is conditioned on the total number of
cases observed. The spatial scan statistic imposes a circular
window on the map and it allows the center of the circle to move
across the entire study area gradually. For any given location of
the center of the circle, the radius is changed continuously so that
it can take any value from 0 up to a pre-speciﬁed maximum value
(Kulldorff et al., 2005).
A Bernoulli probability model was used to identify spatial
clusters of high and low prevalence in the distribution of over-
weight or hypertension. For each potential cluster, a likelihood
ratio test was applied to test the null hypothesis of absolute
spatial randomness against the alternative hypothesis that the
probability of being a case in this circle was more or less than the
probability of being a case outside. The p-value of the statistic was
obtained through Monte Carlo hypothesis testing (9999 itera-
tions), where the null hypothesis was rejected if the simulated
p-value was less than 0.05. The maximum search radius of the
circle was set to be 3 km, which was considered as the estimatedsize of a geographic community in our study area. The SaTScan
output included the geographic location of the center, the radius,
the observed and expected number of cases, the total population,
the relative risk (RR), and the p-values of all of the identiﬁed
clusters. In addition, we analyzed the standardized Pearson
residuals from the statistical analysis outlined above in SaTScan
using a normal model to identify the location of clusters after
adjustment of potential confounders. For each potential cluster, a
likelihood ratio test was applied to test the null hypothesis that
all observations come from the same normal distribution against
the alternative hypothesis that there was one cluster location
where the observations had a larger mean than outside that
cluster. This was accomplished by evaluating the statistical
signiﬁcance of clusters through a permutation based Monte Carlo
hypothesis testing procedure (9999 iterations).3. Results
Valid BMI and blood pressure measurements were obtained
from 2298 and 2307 participants respectively. Fig. 1 shows the
spatial distribution of all participants coded by overweight (left)
and hypertension (right) status. A summary of subject character-
istics by overweight and hypertension status is presented in
Table 1. Among the 2298 participants with both valid height
and weight measurement, 1341 (58.4%) were overweight, and
among the 2307 participants with valid SBP and DBP, 522 (22.6%)
were hypertensive. Overweight subjects were more likely to be
female (83.67% vs. 45.98%, po0.001) and live in urban or peri-
urban areas (49.59% vs. 43.16%, p¼0.002), compared to subjects
Table 1
Distribution of descriptive characteristics for the study population, according to overweight and hypertension conditions.
Characteristic No. of overweight (n¼957)a Overweight (n¼1341)a p No hypertension (n¼1785)b Hypertension (n¼522)b p
Age, mean7SD 38.8377.0 39.2076.5 0.20 38.276.6 42.276.2 o0.001
Sex, n (%) o0.001 0.03
Male 517 (54.02) 219 (16.33) 544 (30.48) 186 (35.63)
Female 440 (45.98) 1122 (83.67) 1241 (69.52) 336 (64.37)
Educational attainment, n (%) 0.54 0.001
No schooling 116 (14.81) 147 (13.52) 192 (13.22) 73 (17.30)
Primary school 262 (33.46) 351 (32.29) 459 (31.61) 161 (38.15)
Secondary/higher 405 (51.72) 589 (54.19) 801 (55.17) 188 (44.55)
Family wealth quintile, n (%) 0.86 0.007
Poorest quintile 115 (13.67) 176 (14.81) 222 (14.11) 67 (14.32)
2nd Quintile 138 (16.41) 180 (15.15) 225 (14.30) 96 (20.51)
3rd Quintile 192 (22.83) 260 (21.89) 350 (22.25) 104 (22.22)
4th Quintile 189 (22.47) 269 (22.64) 357 (22.70) 105 (22.44)
Wealthiest quintile 207 (24.61) 303 (25.51) 419 (26.64) 96 (20.51)
Marital status, n (%) 0.78 0.38
Single/separated 652 (68.78) 906 (68.22) 1201 (67.85) 360 (69.90)
Married/coupled 296 (31.22) 422 (31.78) 569 (32.15) 155 (30.10)
Place of residence, n (%) 0.002 0.55
Rural 544 (56.84) 676 (50.41) 953 (53.39) 271 (51.92)
Urban/peri-urban 413 (43.16) 665 (49.59) 832 (46.61) 251 (48.08)
HIV status, n (%) o0.001 0.115
Negative 348 (36.36) 539 (40.19) 671 (37.59) 221 (42.34)
Positive 275 (28.74) 250 (18.64) 421 (23.59) 107 (20.50)
Missing 334 (34.90) 552 (41.16) 693 (38.82) 194 (37.16)
Abbreviation: SD, standard deviation.
a Overweight: body mass indexZ25; no overweight: body mass indexo25.
b Hypertension: SBPZ140 mmHg or DBPZ90 mmHg; no hypertension: SBPr140 mmHg and DBPr90 mmHg.
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hypertensive, hypertensive subjects were older (42.2 vs. 38.2
years, po0.001) and more likely to be male (35.63% vs. 30.48%,
p¼0.03), less likely to attain a secondary or higher education
(44.55% vs. 55.17%, p¼0.001), and belonged to the wealthiest
household wealth quintile (20.51 vs. 26.64%, p¼0.007). Over-
weight subjects had signiﬁcantly lower prevalence of positive HIV
(31.7% vs. 44.1%, po0.001, among the subset of 1412 people with
both BMI and HIV status available).
Two groups of logistic models for overweight and hyperten-
sion were constructed and the results are summarized in Table 2.
Older age, female sex, secondary or higher educational attain-
ment, and living in urban or peri-urban areas were all positively
associated with being overweight (all po0.05). Hypertension
status was only found to be associated with older age. To
investigate the effect of HIV status on overweight and hyperten-
sion, we further added HIV status to the regression models. The
results are summarized in Table 2. Holding other factors constant,
subjects with positive HIV status had signiﬁcantly lower preva-
lence of overweight compared with those with negative HIV
status (OR: 0.46, 95% CI: 0.35, 0.62). Subjects with positive HIV
status also had lower prevalence of hypertension, but not statis-
tically signiﬁcant (OR: 0.84, 95% CI: 0.61, 1.17).
One cluster of high prevalence of overweight (cluster 1:
RR¼1.50, p¼0.0001) was identiﬁed by the SaTScan using the
Bernoulli model as the most likely cluster (Fig. 2, left). This high-
prevalence cluster was found to be in the only urban township in
the surveillance area next to the national road. Additionally, one
secondary low-prevalence cluster was identiﬁed, in the nearby
high-density settlement area (cluster 2: RR¼0.62, p¼0.021)
(Fig. 2, left). Both clusters were unlikely to have arisen by chance
alone. Table 3 shows the basic characteristics of the two identiﬁed
clusters. The prevalences of overweight in these two clusters were
85.1% and 36.9%. The high-prevalence area was characterized byhigher aggregate level of education in comparison to the low-
prevalence area. However, mean of age, household wealth, cur-
rent marital status, and HIV prevalence were not signiﬁcantly
different.
After controlling for various risk factors including sex, 5-year
age group, educational attainment, family wealth quintile, marital
status, and place of residence, the spatial pattern of overweight
clusters changed. Not only did the above two clusters disappear,
but SaTScan identiﬁed another cluster with signiﬁcantly lower
mean value of standardized Pearson residuals (cluster 3, po0.05).
The center of the cluster was located right next to the national
road (Fig. 2b). After further controlling HIV status in the model,
the above cluster of lower mean value of residuals was no longer
identiﬁed by SaTScan.
We used the same methods to search for spatial clusters of
hypertension in the study area. There were no statistically
signiﬁcant clusters for hypertension before or after controlling
for risk factors.4. Discussion and conclusions
To our knowledge, our work is the ﬁrst to investigate both
determinants and spatial patterns of overweight and hyperten-
sion in a rural South African population with high HIV prevalence.
Our ﬁndings show that the prevalence of overweight and hyper-
tension was 58.4% and 22.6% in this population, respectively.
We detected the existence of a strong spatial pattern in overweight
prevalence in the study area. These ﬁndings take forward the
results of a previous study published on the results of this large
population-based survey measuring BMI and blood pressure
which focused on the individual-level determinants of overweight
and hypertension (Barnighausen et al., 2008).
Table 2
Multiple logistic regression results: determinants of overweight and hypertension.
Overweighta Hypertensionb
Model 1.1 Model 1.2 Model 2.1 Model 2.2
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Age (5-year groups) 1.28 (1.18, 1.40) 1.25 (1.14, 1.37) 1.60 (1.45, 1.77) 1.59 (1.44, 1.76)
Sex
Male 1.00 (Referent) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
Female 7.29 (5.68, 9.36) 7.64 (5.92, 9.85) 0.97 (0.74, 1.26) 0.97 (0.74, 1.26)
Education
No schooling 1.00 (Referent) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
Primary school 1.17 (0.83, 1.64) 1.21 (0.86, 1.71) 0.99 (0.70, 1.42) 1.00 (0.70, 1.42)
Secondary or higher 1.69 (1.21, 2.37) 1.66 (1.18, 2.35) 0.96 (0.67, 1.38) 0.96 (0.67, 1.38)
Household wealth
Poorest quintile 1.00 (Referent) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
2nd Wealth quintile 0.83 (0.56, 1.24) 0.85 (0.57, 1.27) 1.39 (0.91, 2.10) 1.40 (0.92, 2.12)
3rd Wealth quintile 0.88 (0.61, 1.27) 0.95 (0.65, 1.38) 0.83 (0.55, 1.24) 0.84 (0.56, 1.26)
4th Wealth quintile 0.94 (0.64, 1.36) 0.99 (0.68, 1.43) 0.90 (0.60, 1.34) 0.90 (0.60, 1.35)
Wealthiest quintile 0.96 (0.66, 1.38) 1.02 (0.70, 1.48) 0.71 (0.47, 1.07) 0.71 (0.48, 1.07)
Marital status
Single 1.00 (Referent) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
Married/coupled 0.98 (0.77, 1.24) 0.95 (0.75, 1.21) 0.90 (0.69, 1.17) 0.90 (0.69, 1.17)
Place of residence
Rural 1.00 (Referent) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
Urban/peri-urban 1.37 (1.10, 1.72) 1.42 (1.13, 1.78) 1.19 (0.92, 1.52) 1.19 (0.93, 1.53)
HIV status
Negative 1.00 (Referent) 1.00 (Referent)
Positive 0.46 (0.35, 0.62) 0.84 (0.61, 1.17)
Missing 1.00 (0.78, 1.29) 0.97 (0.74, 1.27)
Overweight status
Log likelihood 974.2 957.1 830.0 829.4
Pseudo R-squared 0.130 0.145 0.069 0.070
n 1647 1647 1655 1655
a Overweight: body mass indexZ25.
b Hypertension: SBPZ140 mmHg or DBPZ90 mmHg.
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South African community with high HIV prevalence (Ba¨rnighausen
et al., 2009). Previous work in this population found that people who
tested HIV positive in the surveillance had signiﬁcantly lower BMI
than those who tested negative (Barnighausen et al., 2008). Our
regression model conﬁrmed that HIV positive subjects had signiﬁ-
cantly lower odds of being overweight compared to HIV negative
subjects (OR: 0.46, 95% CI: 0.35, 0.62). We further found that the low-
prevalence area of overweight had higher HIV prevalence, compared
to the high-prevalence area of overweight (41.58% vs. 30.65%),
although the difference was not statistically signiﬁcant. The high-
prevalence area of overweight, which was found to be in the only
urban township in the surveillance area, was characterized by much
higher level of education (80.20% with secondary school or higher
education) compared to the low-prevalence area (47.57%) or the
remainder of the study area (51.86%). After adjusting for important
determinants, another small cluster of low overweight prevalence
characterized by high HIV prevalence was identiﬁed, but the two
clusters identiﬁed earlier disappeared. This suggested that the major-
ity of the geographic variation of overweight prevalence may be
accounted for by these known risk factors.
Previous studies suggested that common socioeconomic deter-
minants, such as education, income, occupation, and urban or
rural dwelling, are associated with hypertension (Grotto et al.,
2008). It is believed that the awareness of hypertension preven-
tion and the accessibility and adherence to medical control are
higher among people with higher socioeconomic status. However,
in our regression models, socioeconomic status was not found tobe related to hypertension, which may explain the absence of
clusters of hypertension in this area.
The application of spatial analysis to explore the geographic
distribution of overweight and hypertension has mostly been
limited to the developed world. The technology has been applied
to detect differences in the prevalence of obesity and self-
reported type 2 diabetes and in medical practice patterns among
metropolitan statistical areas in the United States (Ford et al.,
2005). In Canada, the technology has been used to reveal over-
weight and obesity clusters and underscore the importance of
geographically focused prevention strategies informed by population-
speciﬁc needs for the purpose of targeting scarce public health
resources (Pouliou and Elliott, 2009). And in Leeds, UK, spatial
analysis has been used to estimate determinants of childhood
obesity (Edwards and Clarke, 2009). Striking geographic varia-
tions were found and public health intervention programs could
be designed to speciﬁcally target populations living in high risk
communities. However, this is the ﬁrst time spatial analysis has
been used to explore clustering of overweight and hypertension
in a rural area of a region characterized by limited access
to economic and health care resources and high levels of HIV
prevalence.
An important strength of our approach is that we do not
aggregate the data by arbitrary administrative units but instead
use the precise location of each individual in the clustering
analysis. However, the spatial methods used have several limita-
tions. First of all, clusters are all arbitrarily deﬁned as pure circles
in the Kulldorff spatial scan statistic. Moreover, although the full
Fig. 2. Geographic clusters of high prevalence and low prevalence of overweight indentiﬁed by SaTScan. Left: cluster 1 of high prevalence of overweight was identiﬁed
using the Bernoulli model as the most likely cluster. This cluster was found to be in the only urban township in the surveillance area next to the national road. Additionally,
cluster 2 was identiﬁed as low-risk area, in the nearby high-density settlement area. Both clusters were unlikely to have arisen by chance alone. Right: cluster of low mean
value of standardized Pearson residuals of overweight model after adjusting for sex, 5-year age groups, educational attainment (no schooling, primary school and
secondary school or higher), family wealth quintiles, marital status (married/coupled vs. single), and rural vs. urban residence.
Table 3
Clusters with high and low prevalences of overweight indentiﬁed by SaTScan.
Characteristic Cluster 1 (n¼141) Cluster 2 (n¼122) p-Value of difference
Description Urban/high-density settlement High-density settlement
RRa 1.50 0.62
p-Value o0.001 0.021
Radius (km) 0.58 1.54
Overweight (%) 85.11 36.89 o0.001
Age (mean) 38.79 39.16 0.67
Currently married/coupled (%) 31.91 27.05 0.39
Secondary school or higher (%) 80.20 47.57 o0.001
Highest quintile family wealth (%) 27.50 29.25 0.16
Living in urban/peri-urban area (%) 100.00 63.11 o0.001
HIV prevalence (%, among the tested) 30.65 41.58 0.16
a RR: relative risk of being overweight among subjects in the clusters compared to subjects outside of the clusters.
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of sub-areas sampled, the lack of complete coverage makes it
likely that we failed to detect signiﬁcant clustering in some
communities of the study area which were not sampled.
In summary, our study provided clear evidence for the loca-
lized clustering of overweight, higher or lower than the expected
proportion, but no spatial clustering of hypertension was identi-
ﬁed. There are numerous physical, socioeconomic, nutritional,
and cultural factors that correlate with each other to cause people
with or without overweight to cluster in a neighborhood. In order
to fully understand the reasons for the geographic variations in
overweight prevalence in this population, the follow-up studyneeds to collect the information of some other important deter-
minants, such as physical activity, access to transportation, and
occupation. Additional speciﬁc factors that may contribute to the
emergence of chronic diseases, including levels of dietary wester-
nization, closeness to grocery stores, and health awareness, need
to be considered in the future research.Acknowledgments
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